Abstract: In Japan, robots are a regular feature of daily life and in rehabilitation support care and reporting on any emergencies involving the elderly. This study is on design guidelines for the living space with robots and can be applied to the architectural planning and focused on the basic environmental primary factor. The key terms were space, people-adult male and female, positions, and the robot-size, speed-settings and approaching angles. This research is the distances a small mobile robot moves to an adult male compared with that toward an adult female. The authors focus on a small mobile robot and identify the distances from which the robot can approach individuals, and also clarify how the distances to individuals change as the robot's speed and angle of approach varies. 
Introduction


Robots are a regular feature of daily life and in rehabilitation support care and reporting on any emergencies involving the elderly. The development of technology and information, and the aging of society in Japan is part of this greater presence. The authors' study is to provide guidelines that can be used by architects and those involved in designing living spaces that will include robots [1] [2] [3] .
defined as the depth, width and height that each robot of 15 cm or less moves. The authors focus on a small mobile robot and identify distances at which the robot can approach individuals, and also clarify how the distances to individuals change as the robot's speed and angle of approach varies.
The sense of distance, including the personal space is a basic environmental primary factor in important architectural planning. To clarify the basic knowledge needed to plan living spaces, the authors need to first clarify the movement between people and robots as this is a symbiotic. And they focus on human artifact rather than the interpersonal versus human.
Methods
There were four experiments, an adult male and female in both standing and seated positions.
The experiment with adult males was done on July 21 and 26, people were selected for the trial with aged 18-24. The experiment with adult females was done on November 1 and 15 in 2010, and 28 people were selected for the trial with aged 19-21.
The distance was measured close to the small mobile 
Result of Experimental 1
Impact Speed and Angle
From data obtained from an experiment, the authors considered the distance between the adult male and the small mobile robot. In addition, the standard deviation was determined to be an indicator of the overall variability in the data because there was individual variation. The average value of the distance for each approach angle and speed of the subjects in standing and seated position is shown in Tables 3 and  4 and Figs. 3 and 4. As shown, the standing position to the rearward directions from the trend of upward-sloping, in the seated position is that where there is a long distance to the trend of falling forward from the upright position.
Verification of Interaction of Angle and Speed
As shown in Table 5 and Fig. 5 , there is no special significance because there is not a valid probability, i.e., less than 0.05, for small mobile robot approaching the adult male in either the standing and seated position. However, there is a difference of about ten times in the speed and angle, i.e., how the impact on speed is less than the impact angle. This considered, there is the angle than the speed in effect. position. From each velocity minimum and maximum numbers of front and rear, which is -12.5 < ±0 < 23.1. The distance is nearly 151 cm when seated from each velocity minimum and maximum numbers of the front and rear, which is -13.6 < ±0 < 13.3.
Result of Experimental 2
Impact Speed and Angle
Similarly, representation of the average value of the distance for each approach angle and approach speed of the subjects in standing and seated position is shown in Tables 6 and 7 and Figs. 6 and 7. In the graph of the distance shows adult females it tends to differ by the speed of each individual as a whole. Thus, no major difference depending on the posture can be found.
Verification of Interaction of Angle and Speed
In Table 5 , adult females are affected by the moving speed from the approach angle, the 5% level of significance appears from the results of the test the main effect of speed was found. The approach from the study of multiple comparisons, in the standing position, in the case of 0.08 m/sec, and compared to 0.48 m/sec speed found that slow speed could be closer to the experiments. The authors found that the seated position, and speed of 0.08 m/sec is significant ( Fig. 8 and Table 8 ).
Relationship of Individual Distance and Posture
Distance, with respect to the direction of 180 o from
, is nearly 135 cm in the standing position. From each velocity minimum and maximum numbers of front and rear, which is -19.6 < ±0 < 11.4. Furthermore, the distance is nearly 137 cm in the seated from each velocity minimum and maximum numbers of front and rear, which is -17.8 < ±0 < 14.2.
Consideration
Relationship of Angle and Speed for Small Mobile Robot
As shown in the experiment, the adult male and adult female affected the approach angle and moving speed. The adult males affected by the approach angle slightly, and for the adult female there was an impact on the moving speed.
Difference by Positions between Adult Male and Female
A comparison of standing and seated positions, shows that the result indicated a different trend by adult male and female. Adult males have differences that depend on the positions, the direction in the standing position is before and in the direction in the seated position is from the back. However, for the adult female, there was no obvious change in the distance before and after depending on the position, but the effect on speed was remarkable. The effect of 0.08 m/s was a large in seated position.
Relationship of Individual Distance between Adult Male and Female
A comparison of the individual distance in the positions, there is a difference of more than 10 cm is an upper limit of distance by gender, more adult female that a long distance for a small mobile robot (Fig. 9) . This is attributed to the small mobile robot such as the difference in the impression obtained from the questionnaire survey and the impact of height. In addition, compared to that revealed in the egg-shaped personal space of a conventional, near-circular shape is more positive than the sharp egg. In other words, the adult male and female should be a close distance, which should be roughly equal. The individual distance in this survey, to be in the range adjacent phase of social distance described by Edward Hall as the hidden dimension of 1.2-2.1 m [5] .
The Assignment for Architectural Planning
When applied to housing space based on these things, the plan suggests that current layouts are too small. The architectural space requires enough space when it comes to coexistence with the robot.
Conclusions and Future Prospects
The following four results were obtained:
(1) The difference in adult male and adult female affected "approach angle" and "moving speed". The robot intentionality increased its speed when approaching the adult female;
(2) For the adult male, the obvious effect is not observed, but the impact on speed is less than the impact angle; 
